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CONFIGURATION HASH COMPARISON

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 18/055,737, filed Nov. 15, 2022, which 1s a continuation
of U.S. application Ser. No. 17/808,413, filed Jun. 23, 2022,

now U.S. Pat. No. 11,558,234, which are incorporated by
reference herein in their entireties.

TECHNICAL FIELD

The disclosure relates to distributed microservice archi-
tecture networks and more particularly to comparing stored
and actual settings of microservices.

BACKGROUND

Microservices are a software development technique—a
variant of the service-oriented architecture (SOA) architec-
tural style that structures an application as a collection of
loosely coupled services (embodied 1n application program
interfaces). In a microservices architecture, services are
fine-grained and the protocols are lightweight. The benefit of
decomposing an application into different smaller services 1s
that 1t 1mproves modularity. This makes the application
casier to understand, develop, test, and become more resil-
ient to architecture erosion. Microservices parallelize devel-
opment by enabling small autonomous teams to develop,
deploy and scale their respective services independently.
Microservice-based architectures enable continuous deliv-
ery and deployment.

A system may monitor a plurality of microservices to
ensure proper processing ol data for applications running via
the microservices. However, 1n some instances, the system
may detect that a microservice 1s not outputting the expected
data for a process being run at the microservice. It the
system 1s unable to access the settings of the microservice,
the system may be unable to determine the cause of the
unexpected data and perform corrections for the process.
Thus, the system needs a secure way of analyzing the
settings of microservices to ensure optimal data processing
for applications.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a prior art approach with multiple APIs
having functionalities common to one another.

FI1G. 1B illustrates a distributed API gateway architecture,
according to an embodiment of the disclosed technology.

FIG. 2 illustrates a block diagram of an example envi-
ronment suitable for functionalities provided by a gateway
node, according to an embodiment of the disclosed technol-
0gy.

FIG. 3A illustrates a block diagram of an example envi-
ronment with a cluster of gateway nodes i1n operation,
according to an embodiment of the disclosed technology.

FIG. 3B illustrates a schematic of a data store shared by
multiple gateway nodes, according to an embodiment of the
disclosed technology.

FIG. 4A and FIG. 4B illustrate example ports and con-
nections of a gateway node, according to an embodiment of
the disclosed technology.

FI1G. 5 1llustrates a flow diagram showing steps involved
in the 1nstallation of a plugin at a gateway node, according
to an embodiment of the disclosed technology.
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FIG. 6 illustrates a sequence diagram showing compo-
nents and associated steps involved 1n loading configura-
tions and code at runtime, according to an embodiment of
the disclosed technology.

FIG. 7 1s a block diagram of a control plane system for a
service mesh 1n a microservices architecture

FIG. 8 15 a block diagram 1llustrating service groups and
features associated with i1dentification thereof.

FIG. 9 1s a block diagram 1llustrating an example envi-
ronment ol a control plane and a plurality of microservices.

FIG. 10 1s a flowchart illustrating a process for comparing,
received settings ol a microservice to a deployed version of
the configurable settings stored at the control plane.

FIG. 11 depicts a diagrammatic representation of a
machine 1n the example form of a computer system within
a set of 1mstructions, causing the machine to perform any one
or more of the methodologies discussed herein, to be
executed.

DETAILED DESCRIPTION

The disclosed technology describes how a control plane
monitors microservices 1n a microservice application archi-
tecture. In network routing, the control plane 1s the part of
the router architecture that 1s concerned with drawing the
network topology, or the routing table that defines what to do
with incoming packets. Control plane logic also can define
certain packets to be discarded, as well as preferential
treatment ol certain packets for which a high quality of
service 1s defined by such mechanisms as diflerentiated
SErvices.

In monolithic application architecture, a control plane
operates outside the core application. In a microservices
architecture, the control plane operates between each appli-
cation programming interface (API) that makes up the
microservice architecture. Proxies operate linked to each
API. The proxy attached to each API 1s referred to as a “data
plane proxy.” Examples of a data plane proxy include the
sidecar proxies of Envoy proxies. The control plane moni-
tors the operations of the APIs (e.g., microservices) based on
output data received from the APIs and communicates
settings and input data with the APIs to run one or more
microservice architecture applications.

Reference 1n this specification to “one embodiment™ or
“an embodiment” means that a particular feature, structure,
or characteristic described in connection with the embodi-
ment 1s included 1n at least one embodiment of the disclo-
sure. The appearances of the phrase “in one embodiment™ 1n
various places in the specification are not necessarily all
referring to the same embodiment, nor are separate or
alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described
which may be exhibited by some embodiments and not by
others. Similarly, various requirements are described which
may be requirements for some embodiments but not other
embodiments.

The terms used 1n this specification generally have their
ordinary meamngs in the art, within the context of the
disclosure, and 1n the specific context where each term 1s
used. Certain terms that are used to describe the disclosure
are discussed below, or elsewhere 1n the specification, to
provide additional guidance to the practitioner regarding the
description of the disclosure. For convenience, certain terms
may be highlighted, for example using italics and/or quota-
tion marks. The use of highlighting has no influence on the
scope and meaning of a term; the scope and meaning of a
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term 1s the same, in the same context, whether or not it 1s
highlighted. It will be appreciated that same thing can be
said 1n more than one way.

Consequently, alternative language and synonyms may be
used for any one or more of the terms discussed herein, nor
1s any special significance to be placed upon whether or not
a term 1s elaborated or discussed herein. Synonyms for
certain terms are provided. A recital of one or more syn-
onyms does not exclude the use of other synonyms. The use
of examples anywhere 1n this specification including
examples ol any terms discussed herein 1s 1llustrative only
and 1s not intended to further limit the scope and meaning of
the disclosure or of any exemplified term. Likewise, the
disclosure 1s not limited to various embodiments given 1n
this specification.

Note that titles or subtitles may be used 1n the examples
for convenience of a reader, which 1n no way should limait
the scope of the disclosure. Unless otherwise defined, all
technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skall
in the art to which this disclosure pertains. In the case of
conilict, the present document, including definitions will
control.

Embodiments of the present disclosure are directed at
systems, methods, and architecture for management of
microservices that together comprise one or more applica-
tions. The architecture 1s a distributed plurality of micros-
ervices that each perform processes for the applications. The
plurality of microservices are connected at a control plane
that monitors the output data from the microservices for
running the applications. The control plane may request
settings from the microservices to compare to the control
plane’s stored understanding of the microservices’ settings.
The control plane uses this comparison to determine whether
settings of the microservices need to be altered for perform-
ing the processes.

FI1G. 1A illustrates a prior art approach with multiple APIs
having functionalities common to one another. As shown in
FIG. 1A, a client 102 1s associated with APIs 104A, 104B,
104C, 104D, and 104E. Each API has a standard set of
features or functionalities associated with it. For example,
the standard set of functionalities associated with API 104A
are “authentication” and “transformations.” The standard set
ol functionalities associated with API 104B are “authent-
cation,” “rate-limiting,” “logging,” “caching,” and “trans-
formations.” Thus, “authentication” and “transformations”
are functionalities that are common to APIs 104 A and 104B.
Similarly, several other APIs in FIG. 1A share common
functionalities. However, 1t 1s noted that having each API
handle 1ts own functionalities 1ndividually causes duplica-
tion of eflorts and code associated with these functionalities,
which 1s ineflicient. This problem becomes significantly
more challenging when there are tens of thousands of APIs
and millions of clients requesting API-related services per
day.

FIG. 1B illustrates a distributed API gateway architecture
according to an embodiment of the disclosed technology. To
address the challenge described 1n connection with FIG. 1A,
the disclosed technology provides a distributed API gateway
architecture as shown 1n FIG. 1B. Specifically, disclosed
embodiments 1mplement common API functionalities by
bundling the common API functionalities into a gateway
node 106 (also referred to herein as an API Gateway).
Gateway node 106 implements common functionalities as a
core set of functionalities that runs in front of APIs 108A,
108B, 108C, 108D, and 108E. The core set of functionalities

include rate limiting, caching, authentication, logging, trans-
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formations, and security. It will be understood that the
above-mentioned core set of functionalities are for examples
and 1llustrations. There can be other functionalities included
in the core set of functionalities besides those discussed 1n
FIG. 1B. In some applications, gateway node 106 can help
launch large-scale deployments 1n a very short time at
reduced complexity and is therefore an inexpensive replace-
ment for expensive proprietary APl management systems.
The disclosed technology includes a distributed architecture
of gateway nodes with each gateway node bundled with a set
of functionalities that can be extended depending on the
use-case or applications.

FIG. 2 illustrates a block diagram of an example envi-
ronment suitable for functionalities provided by a gateway
node according to an embodiment of the disclosed technol-
ogy. In some embodiments, a core set of functionalities are
provided 1n the form of “plugins™ or “add-ons™ installed at
a gateway node. (Generally, a plugin 1s a component that
allows modification of what a system can do usually without
forcing a redesign/compile of the system. When an appli-
cation supports plug-ins, 1t enables customization. The com-
mon examples are the plug-ins used 1n web browsers to add
new features such as search-engines, virus scanners, or the
ability to utilize a new file type such as a new video format.)

As an example, a set of plugins 204 shown in FIG. 2 are
provided by gateway node 206 positioned between a client
202 and one or more HT'TP APIs. Electronic devices oper-
ated by client 202 can 1nclude, but are not limited to, a server
desktop, a desktop computer, a computer cluster, a mobile
computing device such as a notebook, a laptop computer, a
handheld computer, a mobile phone, a smart phone, a PDA,
and/or an 1Phone or Droid device, etc. Gateway node 206
and client 202 are configured to communicate with each
other via network 207. Gateway node 206 and one or more
APIs 208 are configured to communicate with each other via
network 209. In some embodiments, the one or more APIs
reside 1n one or more API servers, API data stores, or one or
more API hubs. Various combinations of configurations are
possible.

Networks 207 and 209 can be any collection of distinct
networks operating wholly or partially in conjunction to
provide connectivity to/from client 202 and one or more
APIs 208. In one embodiment, network communications can
be achieved by, an open network, such as the Internet, or a
private network, such as an intranet and/or the extranet.
Networks 207 and 209 can be a telephonic network, an open
network, such as the Internet, or a private network, such as
an 1ntranet and/or the extranet. For example, the Internet can
provide file transfer, remote login, email, news, RSS, and
other services through any known or convenient protocol,

such as, but not limited to the TCP/IP protocol, Open System
Interconnections (OSI), FTP, UPnP, 1SCSI, NSF, ISDN,

PDH, RS-232, SDH, SONET, efc.

Client 202 and one or more APIs 208 can be coupled to
the network 150 (e.g., Internet) via a dial-up connection, a
digital subscriber loop (DSL, ADSL), cable modem, wire-
less connections, and/or other types of connection. Thus, the
client devices 102A-N, 112A-N, and 122A-N can commu-
nicate with remote servers (e.g., API servers 130A-N, hub
servers, mail servers, instant messaging servers, etc.) that
provide access to user interfaces of the World Wide Web via
a web browser, for example.

The set of plugins 204 include authentication, logging,
rate-limiting, and custom plugins, of which authentication,
logging, traflic control, rate-limiting can be considered as
the core set of functionalities. An authentication function-
ality can allow an authentication plugin to check for valid
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login credentials such as usernames and passwords. A log-
ging functionality of a logging plugin logs data associated
with requests and responses. A traflic control functionality of
a ftrailic control plugin manages, throttles, and restricts
inbound and outbound API traflic. A rate limiting function-
ality can allow managing, throttling, and restricting inbound
and outbound API tratlic. For example, a rate limiting plugin
can determine how many HTTP requests a developer can
make 1n a given period of seconds, minutes, hours, days,
months or years.

A plugin can be regarded as a piece of stand-alone code.
After a plugin 1s 1nstalled at a gateway node, it 1s available
to be used. For example, gateway node 206 can execute a
plugin 1n between an API-related request and providing an
associated response to the API-related request. One advan-
tage of the disclosed system 1s that the system can be
expanded by adding new plugins. In some embodiments,
gateway node 206 can expand the core set of functionalities
by providing custom plugins. Custom plugins can be pro-
vided by the enfity that operates the cluster of gateway
nodes. In some instances, custom plugins are developed
(e.g., built from “‘scratch”) by developers or any user of the
disclosed system. It can be appreciated that plugins, used 1n
accordance with the disclosed technology, facilitate 1n cen-
tralizing one or more common functionalities that would be
otherwise distributed across the APIs, making it harder to
build, scale and maintain the APIs.

Other examples of plugins can be a security plugin, a
monitoring and analytics plugin, and a transformation
plugin. A security functionality can be associated with the
system restricting access to an API by whitelisting or
blacklisting/whitelisting one or more consumers 1dentified,
for example, 1n one or more Access Control Lists (ACLs). In
some embodiments, the security plugin requires an authen-
tication plugin to be enabled on an API. In some use cases,
a request sent by a client can be transformed or altered
before being sent to an API. A transformation plugin can
apply a transformations functionality to alter the request sent
by a client. In many use cases, a client might wish to monitor
request and response data. A monitoring and analytics plugin
can allow monitoring, visualizing, and nspecting APIs and
microservices traflic.

In some embodiments, a plugin 1s Lua code that 1s
executed during the life-cycle of a proxied request and
response. Through plugins, functionalities of a gateway
node can be extended to {it any custom need or integration
challenge. For example, 1 a consumer of the disclosed
system needs to integrate their API’s user authentication
with a third-party enterprise security system, 1t can be
implemented in the form of a dedicated (custom) plugin that
1S run on every request targeting that given API. One
advantage, among others, of the disclosed system 1s that the
distributed cluster of gateway nodes 1s scalable by simply
adding more nodes, implying that the system can handle
virtually any load while keeping latency low.

One advantage of the disclosed system 1s that it 1s
platform agnostic, which implies that the system can run
anywhere. In one implementation, the distributed cluster can
be deployed in multiple data centers of an organization. In
some 1mplementations, the distributed cluster can be
deployed as multiple nodes 1n a cloud environment. In some
implementations, the distributed cluster can be deployed as
a hybrid setup mvolving physical and cloud computers. In
some other implementations, the distributed cluster can be
deployed as containers.

FIG. 3 A 1llustrates a block diagram of an example envi-
ronment with a cluster of gateway nodes 1n operation. In
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some embodiments, a gateway node 1s built on top of
NGINX. NGINX 1s a high-performance, highly-scalable,

highly-available web server, reverse proxy server, and web
accelerator (combiming the features of an HT'TP load bal-
ancer, content cache, and other features). In an example
deployment, a client 302 communicates with one or more
APIs 312 via load balancer 304, and a cluster of gateway
nodes 306. The cluster of gateway nodes 306 can be a
distributed cluster. The cluster of gateway nodes 306
includes gateway nodes 308 A—308H and data store 310.
The functions represented by the gateway nodes 308A—
308H and/or the data store 310 can be implemented 1ndi-
vidually or 1n any combination thereof, partially or wholly,
in hardware, software, or a combination of hardware and
software.

Load balancer 304 provides functionalities for load bal-
ancing requests to multiple backend services. In some
embodiments, load balancer 304 can be an external load
balancer. In some embodiments, the load balancer 304 can
be a DNS-based load balancer. In some embodiments, the
load balancer 304 can be a Kubemetes® load balancer
integrated within the cluster of gateway nodes 306.

Data store 310 stores all the data, routing information,
plugin configurations, etc. Examples of a data store can be
Apache Cassandra or PostgreSQL. In accordance with dis-
closed embodiments, multiple gateway nodes 1n the cluster
share the same data store, e.g., as shown i FIG. 3A.
Because multiple gateway nodes in the cluster share the
same data store, there 1s no requirement to associate a
specific gateway node with the data store—data from each
gateway node 308A—308H 1s stored 1n data store 310 and
retrieved by the other nodes (e.g., even in complex multiple
data center setups). In some embodiments, the data store
shares configurations and soitware codes associated with a
plugin that 1s installed at a gateway node. In some embodi-

ments, the plugin configuration and code can be loaded at
runtime.

FIG. 3B 1illustrates a schematic of a data store shared by
multiple gateway nodes, according to an embodiment of the
disclosed technology. For example, FIG. 3B shows data
store 310 shared by gateway nodes 308A—308H arranged
as part ol a cluster.

One advantage of the disclosed architecture is that the
cluster of gateway nodes allow the system to be scaled
horizontally by adding more gateway nodes to encompass a
bigger load of incoming API-related requests. Each of the
gateway nodes share the same data since they point to the
same data store. The cluster of gateway nodes can be created
in one datacenter, or 1 multiple datacenters distributed
across different geographical locations, 1 both cloud or
on-premise environments. In some embodiments, gateway
nodes (e.g., arranged according to a flat network topology)
between the datacenters communicate over a Virtual Private
Network (VPN) connection. The system can automatically
handle a new gateway node joining a cluster or leaving a
cluster. Once a gateway node communicates with another
gateway node, 1t will automatically discover all the other
gateway nodes due to an underlying gossip protocol.

In some embodiments, each gateway includes an admin-
istration API (e.g., internal REST1Tul API) for administration
purposes. Requests to the administration API can be sent to
any node 1n the cluster. The administration API can be a
generic HIT'TP APIL. Upon set up, each gateway node 1is
associated with a consumer port and an admin port that
manages the API-related requests coming into the consumer
port. For example, port number 8001 1s the default port on
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which the admimstration API listens and 8444 1s the default
port for HI'TPS (e.g., admin_listen_ssl) traflic to the admin-
istration API.

In some 1nstances, the administration API can be used to
provision plugins. After a plugin 1s installed at a gateway
node, 1t 1s available to be used, e.g., by the administration
API or a declarative configuration.

In some embodiments, the administration API 1dentifies a
status of a cluster based on a health state of each gateway
node. For example, a gateway node can be 1n one of the
following states:

active: the node 1s active and part of the cluster.

failed: the node 1s not reachable by the cluster.

leaving: a node 1s 1in the process of leaving the cluster.

left: the node has left the cluster.

In some embodiments, the administration API 1s an HTTP
API available on each gateway node that allows the user to
create, restore, update, and delete (CRUD) operations on
items (e.g., plugins) stored in the data store. For example,
the Admin API can provision APIs on a gateway node,
provision plugin configuration, create consumers, and pro-
vision their credentials. In some embodiments, the admin-
istration API can also read, update, or delete the data.
Generally, the administration API can configure a gateway
node and the data associated with the gateway node 1n the
data store.

In some applications, 1t 1s possible that the data store only
stores the configuration of a plugin and not the software code
of the plugin. That 1s, for installing a plugin at a gateway
node, the software code of the plugin i1s stored on that
gateway node. This can result 1n efliciencies because the user
needs to update his or her deployment scripts to include the
new 1nstructions that would install the plugin at every
gateway node. The disclosed technology addresses this 1ssue
by storing both the plugin and the configuration of the
plugin. By leveraging the administration API, each gateway
node can not only configure the plugins, but also install
them. Thus, one advantage of the disclosed system 1s that a
user does not have to install plugins at every gateway node.
But rather, the administration API associated with one of the
gateway nodes automates the task of istalling the plugins at
gateway nodes by installing the plugin 1n the shared data
store, such that every gateway node can retrieve the plugin
code and execute the code for 1nstalling the plugins. Because
the plugin code 1s also saved in the shared data store, the
code 1s eflectively shared across the gateway nodes by
leveraging the data store, and does not have to be individu-
ally installed on every gateway node.

FIG. 4A and FIG. 4B illustrate example block diagrams
400 and 450 showing ports and connections of a gateway
node, according to an embodiment of the disclosed technol-
ogy. Specifically, FIG. 4A shows a gateway node 1 and
gateway node 2. Gateway node 1 includes a proxy module
402A, a management and operations module 404A, and a
cluster agent module 406A. Gateway node 2 includes a
proxy module 402B, a management and operations module
404B, and a cluster agent module 406B. Gateway node 1

receive incoming traflic at ports denoted as 408A and 410A.
Ports 408A and 410A are coupled to proxy module 402B.

Gateway node 1 listens for HI'TP traflic at port 408A. The
default port number for port 408A 1s 8000. API-related
requests are typically received at port 408A. Port 410A 1s
used for proxying HTTPS traflic. The default port number
for port 410A 1s 8443. Gateway node 1 exposes 1ts admin-
istration API (alternatively, referred to as management API)
at port 412 A that 1s coupled to management and operations
module 404A. The default port number for port 412A 1s
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8001. The admuinistration API allows configuration and
management of a gateway node, and 1s typically kept private
and secured. Gateway node 1 allows communication within
itseltf (1.e., intra-node communication) via port 414 A that 1s
coupled to clustering agent module 406A. The default port
number for port 414 A 1s 7373. Because the traflic (e.g., TCP
traflic) here 1s local to a gateway node, this traflic does not
need to be exposed. Cluster agent module 406B of gateway
node 1 enables communication between gateway node 1 and
other gateway nodes 1n the cluster. For example, ports 416 A
and 416B coupled with cluster agent module 406A at
gateway node 1 and cluster agent module 4068 at gateway
node 2 allow intra-cluster or inter-node communication.
Intra-cluster communication can involve UDP and TCP
traffic. Both ports 416A and 416B have the default port
number set to 7946. In some embodiments, a gateway node
automatically (e.g., without human intervention) detects 1ts
ports and addresses. In some embodiments, the ports and
addresses are advertised (e.g., by setting the cluster_adver-
tise property/setting to a port number) to other gateway
nodes. It will be understood that the connections and ports
(denoted with the numeral “B”) of gateway node 2 are
similar to those in gateway node 1, and hence 1s not
discussed herein.

FIG. 4B shows cluster agent 1 coupled to port 456 and
cluster agent 2 coupled to port 458. Cluster agent 1 and
cluster agent 2 are associated with gateway node 1 and
gateway node 2 respectively. Ports 456 and 458 are com-
municatively connected to one another via a NAT-layer 460.
In accordance with disclosed embodiments, gateway nodes
are communicatively connected to one another via a NAT-
layer. In some embodiments, there 1s no separate cluster
agent but the functionalities of the cluster agent are inte-
grated 1nto the gateway nodes. In some embodiments, gate-
way nodes communicate with each other using the explicit
IP address of the nodes.

FIG. 5 illustrates a flow diagram showing steps of a
process 500 involved 1n installation of a plugin at a gateway
node, according to an embodiment of the disclosed technol-
ogy. At step 502, the administration API of a gateway node
receives a request to install a plugin. An example of a request
1s provided below:

For example:

POST/plugins/install

name=0OPTIONAL_VALUE

code=VALUE

archive=VALUE

The administration API of the gateway node determines
(at step 306) 1f the plugin exists in the data store. If the
gateway node determines that the plugin exists in the data
store, then the process returns (step 510) an error. If the
gateway node determines that the plugin does not exist in the
data store, then the process stores the plugin. (In some
embodiments, the plugin can be stored in an external data
store coupled to the gateway node, a local cache of the
gateway node, or a third-party storage. For example, 1f the
plugin 1s stored at some other location besides the data store,
then different policies can be implemented for accessing the
plugin.) Because the plugin 1s now stored 1n the database, 1t
1s ready to be used by any gateway node in the cluster.

When a new API request goes through a gateway node (in
the form of network packets), the gateway node determines
(among other things) which plugins are to be loaded. There-
fore, a gateway node sends a request to the data store to
retrieve the plugin(s) that has/have been configured on the
API and that need(s) to be executed. The gateway node
communicates with the data store using the appropriate
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database drniver (e.g., Cassandra or PostgresSQL) over a
TCP communication. In some embodiments, the gateway
node retrieves both the plugin code to execute and the plugin
configuration to apply for the API, and then execute them at
runtime on the gateway node (e.g., as explained in FIG. 6).

FIG. 6 illustrates a sequence diagram 600 showing com-
ponents and associated steps mvolved 1n loading configu-
rations and code at runtime, according to an embodiment of
the disclosed technology. The components involved 1n the
interaction are client 602, gateway node 604 (including an
ingress port 606 and a gateway cache 608), data store 610,
and an API 612. At step 1, a client makes a request to
gateway node 604. At step 2, ingress port 606 of gateway
node 604 checks with gateway cache 608 to determine 1f the
plugin information and the information to process the
request has already been cached previously in gateway
cache 608. If the plugin imnformation and the information to
process the request 1s cached 1n gateway cache 608, then the
gateway cache 608 provides such information to the ingress
port 606. If, however, the gateway cache 608 informs the
ingress port 606 that the plugin information and the infor-
mation to process the request 1s not cached 1n gateway cache
608, then the ingress port 606 loads (at step 3) the plugin
information and the information to process the request from
data store 610. In some embodiments, ingress port 606
caches (for subsequent requests) the plugin information and
the information to process the request (retrieved from data
store 610) at gateway cache 608. At step 5, ingress port 606
ol gateway node 604 executes the plugin and retrieves the
plugin code from the cache, for each plugin configuration.
However, 11 the plugin code 1s not cached at the gateway
cache 608, the gateway node 604 retrieves (at step 6) the
plugin code from data store 610 and caches (step 7) it at
gateway cache 608. The gateway node 604 executes the
plugins for the request and the response (e.g., by proxy the
request to API 612 at step 7), and at step 8, the gateway node
604 returns a final response to the client.

FIG. 7 1s a block diagram of a control plane system 700
for a service mesh 1n a microservices architecture. A service
mesh data plane 1s controlled by a control plane. In a
microservices architecture, each microservice typically
exposes a set of what are typically fine-grained endpoints, as
opposed to a monolithic application where there 1s just one
set of (typically replicated, load-balanced) endpoints. An
endpoint can be considered to be a URL pattern used to
communicate with an API.

Service mesh data plane: Touches every packet/request 1n
the system. Responsible for service discovery, health check-
ing, routing, load balancing, authentication/authorization,
and observability.

Service mesh control plane: Provides policy and configu-
ration for all of the running data planes 1n the mesh. Does not
touch any packets/requests in the system but collects the
packets 1n the system. The control plane turns all the data
planes into a distributed system.

A service mesh such as Linkerd, NGINX, HAProxy,
Envoy co-locate service instances with a data plane proxy
network proxy. Network trathic (HTTP, REST, gRPC, Redis,
etc.) from an individual service instance flows via 1ts local
data plane proxy to the appropriate destination. Thus, the
service mstance 1s not aware of the network at large and only
knows about 1ts local proxy. In eflect, the distributed system
network has been abstracted away from the service pro-
grammer. In a service mesh, the data plane proxy performs
a number of tasks. Example tasks include service discovery,
health checking, routing, load balancing, authentication and
authorization, and observability.
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Service discovery 1dentifies each of the upstream/backend
microservice mstances within used by the relevant applica-
tion. Health checking refers to detection of whether
upstream service instances returned by service discovery are
ready to accept network traflic. The detection may include
both active (e.g., out-of-band pings to an endpoint) and
passive (e.g., using 3 consecutive 3xx as an indication of an
unhealthy state) health checking. The service mesh 1s further
configured to route requests from local service instances to
desired upstream service clusters.

Load balancing: Once an upstream service cluster has
been selected during routing, a service mesh 1s configured
load balance. Load balancing includes determining which
upstream service instance should the request be sent; with
what timeout; with what circuit breaking settings; and 1t the
request fails should 1t be retried?

The service mesh further authenticates and authorizes
incoming requests cryptographically using mTLS or some
other mechanism. Data plane proxies enable observability
features 1ncluding detailed statistics, logging, and distrib-
uted tracing data should be generated so that operators can
understand distributed traflic flow and debug problems as
they occur.

In effect, the data plane proxy 1s the data plane. Said
another way, the data plane 1s responsible for conditionally
translating, forwarding, and observing every network packet
that tlows to and from a service instance.

The network abstraction that the data plane proxy pro-
vides does not mherently include instructions or built in
methods to control the associated service instances 1n any of
the ways described above. The control features are the
enabled by a control plane. The control plane takes a set of
1solated stateless data plane proxies and turns them into a
distributed system.

A service mesh and control plane system 700 includes a
user 702 whom 1nterfaces with a control plane Ul 704. The
UI 704 might be a web portal, a CLI, or some other interface.
Through the UI 704, the user 702 has access to the control
plane core 706. The control plane core 706 serves as a
central pomnt that other control plane services operate
through in connection with the data plane proxies 708.
Ultimately, the goal of a control plane 1s to set policy that
will eventually be enacted by the data plane. More advanced
control planes will abstract more of the system from the
operator and require less handholding.

The control plane services may include global system
configuration settings such as deploy control 710 (blue/
green and/or traflic shifting), authentication and authoriza-
tion settings 712, route table specification 714 (e.g., when
service A requests a command, what happens), load balancer
settings 716 (e.g., timeouts, retries, circuit breakers, etc.), a
workload scheduler 718, and a service discovery system
720. The scheduler 718 1s responsible for bootstrapping a
service along with 1ts data plane proxy 718. Services 722 are
run on an infrastructure via some type of scheduling system
(e.g., Kubernetes or Nomad). Typical control planes operate
in control of control plane services 710-720 that in turn
control the data plane proxies 708. Thus, 1n typical
examples, the control plane services 710-720 are interme-
diaries to the services 722 and associated data plane proxies
708.

As depicted in FIG. 7, the control plane core 706 1s the
intermediary between the control plane services 710-720
and the data plane proxies 708. Acting as the intermediary,
the control plane core 706 removes dependencies that exist
in other control plane systems and enables the control plane
core 706 to be platform agnostic. The control plane services
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710-720 act as managed stores. With managed storages 1n a
cloud deployment, scaling and maintaining the control plane
core 706 mvolves fewer updates. The control plane core 706
can be split to multiple modules during implementation.
The control plane core 706 passively monitors each
service 1mstance 722 via the data plane proxies 708 via live

traflic. However, the control plane core 706 may take active
checks to determine the status or health of the overall
application.

The control plane core 706 supports multiple control
plane services 710-720 at the same time by defining which
one 1s more important through priorities. Employing a
control plane core 706 as disclosed aids control plane
service 710-720 migration. Where a user wishes to change
the control plane service provider (ex: changing service
discovery between Zookeper based discovery to switch to
Consul based discovery), a control plane core 706 that
receives the output of the control plane services 710-720
from various providers can configure each regardless of
provider. Conversely, a control plane that merely directs
control plane services 710-720 includes no such configura-
tion store.

Another feature provided by the control plane core 706 1s
Static service addition. For example, a user may run Consul,
but you want to add another service/instance (ex: for debug-
ging). The user may not want to add the additional service
on the Consul cluster. Using a control plane core 706, the
user may plug the file-based source with custom definition
multi-datacenter support. The user may expose the state hold
in control plane core 706 as HI'TP endpoint, plug the control
plane core 706 from other datacenters as a source with lower
priority. This will provide fallback for instances 1n the other
datacenters when instances Ifrom local datacenter are
unavailable.

Service Group Discovery and Observation

FIG. 8 1s a block diagram 1llustrating service groups 802
and features associated with identification thereof. A service
group 802 1s a group of services 804 that together perform
an 1dentifiable application purpose or business flow. For
example, a set of microservices are responsible for an
airline’s ticketing portion of their website. Other examples
may 1nclude “customer experience,” “sign up,” “login,”
“payment processing”’, etc. Using a control plane 806 with
an associated service discovery 808 feature, packets are be
monitored as they filter through the overall application (ex:
whole website).

(Given a starting point of a given service group 802, the
control plane 806 may run a trace on packets having a
known ID and follow where those packets (with the known
ID) go in the microservice architecture as tracked by data
plane proxies. In that way, the system can then automatically
populate a service group 802 using the trace. The trace 1s
ecnabled via the shared execution path of the data plane
proxies. Along each step 810 between services 804, the
control plane 804 measures latency and discover services.
The trace may operate on live tratlic corresponding to end
users 812, or alternatively using test trailic.

As output, the control plane generates a dependency
graph of the given service group 802 business flow and
reports via a GUI. Using the dependency graph, a backend
operator 1s provided insight into bottlenecks 1n the service
group 802. For example, 1n a given service group 802, a set
of services 804 may run on multiple servers that are operated
by diflerent companies (e.g., AWS, Azure, Google Cloud,
etc.). The latency between these servers may slow down the
service group 802 as a whole. Greater observability into the
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service group 802 via a dependency graph enables backend
operators to improve the capabilities and throughput of the
service group 802.

FIG. 9 1s a block diagram 1llustrating an example envi-
ronment of a control plane 902 and a plurality of microser-
vices 904. The control plane 902 1s connected to a plurality
of microservices 904 directly to or via a network 908. In
some embodiments, additional or alternative components to
those shown in FIG. 9 are connected (either directly or via
the network 908) to the control plane 902. For example, in
some embodiments, any number of microservices 904,
rather than the four shown 1n FIG. 9, connect to the control
plane 902.

The network 908 1s any collection of distinct networks
operating wholly or partially i conjunction to provide
connectivity to/from the control plane 902 and one or more
microservices 904. In one embodiment, network communi-
cations can be achieved by, an open network, such as the
Internet, or a private network, such as an intranet and/or the
extranet. Examples of the network 908 include a telephonic
network, an open network, such as the Internet, or a private
network, such as an intranet and/or the extranet. For
example, the Internet provides file transier, remote login,
email, news, RSS, and other services through any known or
convenient protocol, such as, but not limited to the TCP/IP
protocol, Open System Interconnections (OSI), FTP, UPnP,
1ISCSI, NSE, ISDN, PDH, RS-232, SDH, SONFET, etc.

The control plane 902 links the plurality of microservices
904 for a microservice architecture application. The control
plane 902 communicates with the microservices 904 to
facilitate running the microservice architecture application.
For example, the control plane 902 1s enabled to send
instructions for configuring settings of the microservices 904
and send data for the microservice architecture application
to the microservices 904 for processing. The control plane
902 may also receive outputs from the microservices 904 for
the processing, which allows the control plane 902 to
maintain an overview of how the microservices 904 are
operating for the microservice architecture application.

Each microservice 904 1s an API (such as API 208 or API
312 or service instance 722) that performs actions for a
microservice architecture application and 1s configurable
based on communications received from the control plane
902. For instance, a microservice 904 A recerves instructions
from and communicates mput and output data with the
control plane 902 directly, or a microservice 904B commu-
nicates with the control plane 902 via the network 908. In
another example, a microservice 906C communicate with
the control plane 902 via a data plane proxy 906C at the
microservice 906C. The control plane 902 sends 1nstructions
to the microservice 904 indicating configuration settings that
the microservice 904 is to operate with, but the control plane
902 cannot directly observe a microservice’s 904 settings.
Instead, the microservice 904 receives requests from the
control plane 902 for the microservice’s 904 current settings
(c.g., the settings that service 1s configured with when it
received the request) and send the current settings that
microservice 904 1s operating under to the control plane 902.

In some embodiments, a microservice 904 generates a set
of data representing the current settings. An example
includes application of a hashing algorithm (or another form
of encryption) to the set of data to hash the representation of
its current settings to reduce bandwidth, ensure security
and/or privacy, and the like. The microservice 904 sends the
hashed current settings to the control plane 902. In alternate
embodiments, a microservice 904 sends the current settings
to an associated data plane proxy 906. Either of the micro-
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service 904 or the data plane proxy 906 applies the hashing
algorithm to the current settings before sending the hashed
current settings to the control plane 902.

The microservice architecture application 1s a computer
program that performs one or more functions. The micros-
ervice architecture application 1s facilitated by the control
plane 902 such that processes for running the microservice
architecture application are distributed among the plurality
of microservices 904 connected to the control plane 902. In
some embodiments, the control plane 902 facilitates the
processing of multiple microservice architecture applica-
tions by distributing the processes for the microservice
architecture applications across the plurality of microser-
vices 904. For instance, under some conditions the control
plane 902 breaks down the processing required for each
microservice architecture application 1nto a set of processes
and determine for each process how much computing power,
memory, storage, and the like 1s needed for performing the
pProcess.

The control plane 902 requests data indicating the ability
(e.g., graphics processing units available, storage available,
etc.) of one or more microservices 904 for running the
process from the microservices 904 and selects a microser-
vice for each process based on this data. In addition, the
control plane 902 monitors the ability of the microservices
over time to redistribute processes among the microservices
based on this data.

The control plane 902 monitors microservices 904 as the
microservices 904 perform operations for a microservice
architecture application. When 1nstantiating the microser-
vice architecture application, the control plane selects a
plurality of microservices 904 to each perform a process for
the microservice architecture application. The control plane
902 sends, to each microservice 904, instructions for con-
figuring the settings of the microservice 904 to perform the
process and send input data for the process. The control
plane 902 stores a record of the mnstructions and the settings
in a database. The database 1s located within the control
plane 902 or 1s connected to the control plane 902 via the
network 908. In some embodiments, the control plane 902
stores the record 1n relation to a time the nstructions were
sent. Further, the control plane 902 may store the data 1n
relation to an 1dentifier of the microservice 904 such that the
control plane 902 can query the database with the identifier
to retrieve instructions and settings associated with the
microservice 904,

In some embodiments, the control plane 902 communi-
cates (e.g., sends mput data for processing, sends instruc-
tions for setting configuration, and/or receives output data)
with the microservices 904 via one or more data plane
proxies 906. A data plane proxy 906 functions as an inter-
mediary between the control plane 902 and one or more
microservices 904 to provide security and privacy and
control the requests sent between the control plane 902 and
the microservices 904. The data plane proxies 906 function
like the gateway nodes 206, 308, 604 described 1n relation
to FIGS. 2-6 or the proxies 708, 804 described 1n relation to
FIGS. 7-8. In some embodiments, a data plane proxy 906
serves as a gateway for a single microservice 904 of the
plurality of microservices 904 employed for the microser-
vice architecture application.

In other embodiments, a data plane proxy 906 serves as a
gateway for a subset or all of the plurality of microservices
employed for the microservice architecture application. Fur-
ther, in certain embodiments, the data plane proxies 906
cach store subsets of the database at the request of the
control plane 902. For instance, the control plane 902
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requests that a data plane proxy 906B store a subset of the
database related to associated microservice 904B. Though
data plane proxies 906 act as gateways for communication
between the control plane 902 and microservices 904 1n a
plurality of embodiments, for simplicity, the communica-
tions are often described herein as occurring directly
between the control plane 902 and the microservices 904.

As the microservices are performing the processes, the
control plane 902 queries one or more microservices 904 for
their current settings. For example, the control plane 902
may periodically (e.g., at regular time intervals) request the
current settings of each microservice 904. In another
example, the control plane 902 requests the current settings
1in response to receiving a request from an external comput-
ing device (e.g., client 202) for the current settings of a
microservice 904.

In some embodiments, as the control plane 902 receives
outputs from the microservices 904 performing the pro-
cesses, the control plane assesses the outputs to determine
whether each microservice 904 1s performing as expected
based on the configurable settings of the microservice 904
stored by the control plane 902 in the database (henceforth
referred to as the “deployed version™ of the configurable
settings of the microservice 904). Where the microservice
904 1s not performing as expected, the control plane 902
requests the current settings of the microservice. For
example, the control plane 902 may have mstructed multiple
microservices 904 to perform the same process. If control
plane 902 i1s receiving outputs from one of the multiple
microservices 904 that do not match the outputs of the other
microservices 904, the control plane 902 determines that the
microservice 904 1s not performing as expected and request
its current settings.

The control plane 902 receives current settings from a
queried microservice 904. In some embodiments, the current
settings are the configurable settings the microservice 904
had when 1t received the request (or query) from the control
plane 902. In other embodiments, the microservice 904
applies a hashing algorithm (or another form of encryption)
to the current settings before sending the hashed current
settings to the control plane 902. In other embodiments, the
microservice 904 sends 1ts current settings to a data plane
proxy 906, which applies the hashing algorithm before
sending the hashed current settings to the control plane 902.
Applying the hashing algorithm to the current settings may
reduce the bandwidth necessary for transmitting the current
settings to the control plane 902 and ensure more security
and privacy of the current settings during transmission
between the modules shown 1n FIG. 2.

The control plane 902 accesses a deployed version of the
configurable settings of the microservice 904 at the data-
base. The deployed version describes the configurable set-
tings the control plane 902 had stored for the microservice
904 when the control plane 902 sent the request. In some
embodiments, the control plane 902 previously applied the
hashing algorithm to 1ts stored understanding of the micro-
service’s configurable settings to obtain the deployed ver-
sion stored at the database. In other embodiments, the
control plane 902 obtains the hashing algorithm from the
microservice 904 along with the current settings (or in
response to a separate request) and applies the hashing
algorithm to the deployed version. The control plane 902
compares the current settings received from the microser-
vice 904 to the deployed version to determine whether the
current settings and deployed version match.

If the current settings and deployed version match, the
control plane 902 stores an indication of the match 1n the
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database. In some embodiments, the control plane 902 stores
the indication 1n association with the 1identifier of the micro-
service 904. In further embodiments, the control plane stores
the indication 1n association with a time that the comparison
was performed. If the current settings and the deployed
version do not match, the control plane 902 updates the
deployed version in the database to match the current
settings. In some embodiments, the control plane 902 sends
instructions to the microservice 904 to alter its settings based
on the process the microservice 904 1s performing for the
microservice architecture application. In other embodi-
ments, the control plane 902 moves the process at the
microservice 904 to a different microservice 904 suitable for
running the process. The different microservice 904 may
have current settings matching the deployed version or the
control plane 902 may instruct the different microservice
904 to configure 1tself with settings matching the deployed
version.

In one example, the control plane 902 1nstructs a plurality
of microservices 904 to perform the same process for a
microservice architecture application. During execution a
first microservice 904 A of the microservice application was
operating slowly due to connectivity 1ssues thereby aflecting
receipt of input data. Thus, the first microservice 904A
missed an update on configurable settings sent to a number
ol microservices 904 from the control plane 902. The other
microservices 904 1 a given settings deployment received
the update and configured respective settings accordingly.
The control plane stores settings related to the update as the
deployed version of the current settings of each of the
microservices 904 in a local database.

Sometime later, the control plane observes the (non-
updated) first microservice 904 A operating at different than
expected rates as compared to peer microservices. In
response to the unexpected performance statistics, the con-
trol plane 902 queries the first microservice 904A for the
configuration settings being executed at the first microser-
vice 904A.

The first microservice 904 A recerves the request from the
control plane 902. In some instances, the first microservice
904 A receives the request from an associated data plane
proxy that functions as a gateway between the first micro-
service 904 A and the control plane 902. The first microser-
vice 904 A hashes 1ts current settings and sends the hashed
current settings to the control plane 902. Upon receipt, the
control plane 902 compares the hashed current settings of
the first microservice with a hash of the deployed version of
the current settings in the local database (using a matching
hash function).

As a result that the first microservice 904 A 1s operating
with outdated configuration settings, the control plane 902
determines that the hashed current settings and hashed
deployed version do not match one another. In response, the
control plane 902 resends the update to the first microservice
904A to update 1ts configurable settings to match the
deployed version. The control plane iterates upon requesting
and comparing the current settings of the first microservice
904A until the control plane 902 determines that the
deployed version and current settings match.

FIG. 10 1s a flowchart illustrating a process 1000 for
comparing received settings of a microservice 904 to a
deployed version of the configurable settings stored at the
control plane 902. In step 1002, the control plane 902 links
a plurality of microservices 904 to a microservice architec-
ture application. Each of the plurality of microservices 904
1s an API that performs one or more actions for the micro-
service architecture application based on instructions
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received from the control plane 902. Each microservice 904
has configurable settings that indicate how the microservice
performs the actions for the microservice architecture appli-
cation 904, and the control plane 904 configures the settings
of a microservice 904 by sending instructions directly to the
microservice 904 or to a data plane proxy 906 at the
microservice 904. In some embodiments, the control plane
902 1s configured to communicate information about the
plurality of microservices 904 to an external computing
device using the microservice architecture application.

At step 1004, the control plane 902 requests current
settings of a first microservice 904 of the plurality of
microservices 904. The current settings of the first micros-
ervice 904 are the settings that the first microservice 904 is
configured with when the control plane 902 sends the
request. In some embodiments, the control plane 902 sends
the request for the current settings to the first microservice
904 directly. The control plane 902 sends to the request via
the network 908 or to a data plane proxy 906A at the first
microservice 904, and the data plane proxy 906 in turn
requests the current settings from the first microservice 904.
In other embodiments, the control plane 902 sends the
request 1 response to receiving a first request from an
external computing device for the current settings of the first
microservice 904. The external computing device 1s com-
municatively coupled to the control plane 902 directly or via
the network 908. In further embodiments, the control plane
902 requests the current settings of the first microservice 904
in response to determining that the first microservice 904 is
outputting output data with values outside of an expected
range and/or at a threshold frequency. The control plane 902
accesses the expected values and/or threshold frequency
from the database. Alternatively, the control plane 902
compares the wvalues and/or frequency to output data
received from another microservice 904 with similar/the
same current settings.

At step 1006, the control plane 902 receives the current
settings of the first microservice 904. The control plane 902
receives the current settings of the first microservice 904
directly from the first microservice 904, via the network 908,
or from a data plane proxy 906 associated with the first
microservice 904. Before the control plane 902 receives the
current settings, the current settings may have been hashed
with a hashing algorithm, either at the first microservice 904
or at the data plane proxy 906.

In step 1008, the control plane 902 accesses a deployed
version of the configurable settings. The deployed version
represents the control plane’s 902 understanding of what the
configurable settings of the first microservice 904 are at a
current time. For example, in some embodiments, the
deployed version 1s the settings described by the last set of
instructions the control plane 902 sent to the first microser-
vice 904. In other embodiments, the deployed version 1s a
copy of the settings received from the first microservice 904
the last time the control plane 902 requested the first
microservice’s 904 settings. In further embodiments, the
deployed version has been hashed by the control plane 902
using the hashing algorithm.

At step 1010, the control plane 902 compares the current
settings to the deployed version. The control plane 902
determines a percentage match between the current settings
and deployed version, such as by doing a string, numeric,
key, or key-value pair comparison between corresponding
clements 1n each of the current settings and the deployed
version. In some embodiments, the control plane 902 com-
pares a hash of the current settings to a hash of the deployed
version. In these embodiments, the control plane compares
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values or arrays ol values sequentially in each hash to
determine whether the hashes match.

At step 1012, the control plane 902 determines whether
the current settings and deployed version match. If the
percentage match 1s greater than a threshold value (e.g.,
99%), the control plane 902 determines that the current
settings matches the deployed version. Otherwise, the con-
trol plane 902 determines that the current settings and
deployed version do not match. In some embodiments, the
control plane 902 only determines that the current settings
and deployed version match if the percentage 1s 100%. In
other embodiments, the control plane 902 uses a threshold
value received from an external computing device to use in
the comparison.

At step 1014, responsive to determining that the current
settings and deployed version match, the control plane 902
stores an indication of the match. The indication may
include the percentage match, a time the request was sent by
the control plane 902, a time the current settings were
received by the control plane 902, an i1dentifier of the first
microservice 904, a time the comparison was performed,
and the like. The control plane 902 stores the indication 1n
an 1nternal database or at a database connected to the control
plane 902 via the network 908. In some embodiments, the
control plane 902 stores the indication at a data plane proxy
906 associated with the first microservice 904. The database
may be tabulated based on identifiers of each microservice
904 in the plurality of microservices 904 connected to the
control plane, such that the control plane 902 can query the
database with the identifier of a microservice 904 to access
related indications. Additionally or alternatively, the data-
base may be tabulated by time (that the current settings were
received, that the comparison was performed, that the 1ndi-
cation was created, etc.).

At step 1016, responsive to determining that the current
settings and deployed version do not match, the control
system 902 updates the current settings of the first micros-
ervice 904 to match the deployed version. For instance, the
control system 902 sends instructions to the first microser-
vice 904 to configure itsell with settings matching the
deployed version. In other embodiments, the control system
902 sends changes for the first microservice 904 to configure
its settings with. In alternate embodiments, the control
system 902 updates the deployed version in the database to
match the current settings and/or move the process running,
at the first microservice 904 to another microservice 904. In
turther embodiments, the control system 902 queries a data
plane proxy 906 at the first microservice 904 for a record of
the settings of the first microservice 904 over time to
determine when and how the configurable settings were
changed to not match the deployed version stored at the
control plane 902. In some embodiments, each of the
plurality of microservices 904 other than the first microser-
vice are configured with the deployed version of the con-
figurable settings and the control plane 902 updates the
current settings of the first microservice 902 to also match
the deployed settings in response to the comparison not
yielding a match.

In some embodiments, alterative or additional steps or
modules are used in the process shown in FIG. 10. For
example, 1n some embodiments, each of the plurality of
microservices 904 includes 1ts own data plane proxy 906
configured to communicate with the control plane 902. In
these embodiments, the control plane 902 receives the
current settings from the data plane proxy 906 of the first
microservice 904 and instructs the data plane proxy 906 to
update the current settings of the first microservice 904 to
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match the deployed version in response to the current
settings not matching the deployed version. Further, the data
plane proxy 906 may run simultancously with the first
microservice 904 and communicate outputs from the first
microservice 904 to the control plane 902.

In some embodiments, the control plane 902 hashes the
current settings and the deployed version prior to the com-
parison. In other embodiments, the control plane 902 hashes
the deployed version of the configurable settings stored for
the first microservice 904 with a hashing algorithm and
compares the hashed deployed version to the current set-
tings, which were also hashed with the hashing algorithm.
Exemplary Computer System

FIG. 11 shows a diagrammatic representation of a
machine 1n the example form of a computer system 1100,
within which a set of instructions for causing the machine to
perform any one or more of the methodologies discussed
herein may be executed.

In alternative embodiments, the machine operates as a
standalone device or may be connected (networked) to other
machines. In a networked deployment, the machine may
operate 1n the capacity of a server or a client machine in a
client-server network environment, or as a peer machine 1n
a peer-to-peer (or distributed) network environment.

The machine may be a server computer, a client computer,
a personal computer (PC), a tablet PC, a set-top box (STB),
a personal digital assistant (PDA), a cellular telephone or
smart phone, a tablet computer, a personal computer, a web
appliance, a point-of-sale device, a network router, switch or
bridge, or any machine capable of executing a set of
istructions (sequential or otherwise) that specily actions to
be taken by that machine.

While the machine-readable (storage) medium 1s shown
in an exemplary embodiment to be a single medium, the
term “machine-readable (storage) medium”™ should be taken
to nclude a single medium or multiple media (a centralized
or distributed database, and/or associated caches and serv-
ers) that store the one or more sets of 1nstructions. The term
“machine-readable medium” or “machine readable storage
medium” shall also be taken to include any medium that 1s
capable of storing, encoding or carrying a set of instructions
for execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present
invention.

In general, the routines executed to implement the
embodiments of the disclosure, may be implemented as part
ol an operating system or a specific application, component,
program, object, module or sequence of instructions referred
to as “computer programs.” The computer programs typi-
cally comprise one or more instructions set at various times
in various memory and storage devices in a computer, and
that, when read and executed by one or more processors in
a computer, cause the computer to perform operations to
execute elements mvolving the various aspects of the dis-
closure.

Moreover, while embodiments have been described 1n the
context of fully functioning computers and computer sys-
tems, those skilled 1n the art will appreciate that the various
embodiments are capable of being distributed as a program
product 1n a variety of forms, and that the disclosure applies
equally regardless of the particular type of machine or
computer-readable media used to actually effect the distri-
bution.

Further examples of machine or computer-readable media
include, but are not limited to, recordable type media such
as volatile and non-volatile memory devices, floppy and
other removable disks, hard disk drives, optical disks (e.g.,
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Compact Disk Read-Only Memory (CD ROMS), Digital
Versatile Discs, (DVDs), etc.), among others, and transmis-
sion type media such as digital and analog communication
links.

Unless the context clearly requires otherwise, throughout
the description and the claims, the words “comprise,” “com-
prising,” and the like are to be construed 1n an inclusive
sense, as opposed to an exclusive or exhaustive sense; that
1s to say, 1n the sense of “including, but not limited to.” As
used herein, the terms “connected,” “coupled,” or any vari-
ant thereof, means any connection or coupling, either direct
or indirect, between two or more elements; the coupling of
connection between the elements can be physical, logical, or
a combination thereof. Additionally, the words “herein,”
“above,” “below,” and words of similar import, when used
in this application, shall refer to this application as a whole
and not to any particular portions of this application. Where
the context permits, words 1n the above Detailed Description
using the singular or plural number may also include the
plural or singular number respectively. The word “or,” in
reference to a list of two or more 1tems, covers all of the
tollowing interpretations of the word: any of the 1tems 1n the
list, all of the items 1n the list, and any combination of the
items 1n the list.

The above detailed description of embodiments of the
disclosure 1s not intended to be exhaustive or to limit the
teachings to the precise form disclosed above. While specific
embodiments of, and examples for, the disclosure are
described above for 1llustrative purposes, various equivalent
modifications are possible within the scope of the disclosure,
as those skilled in the relevant art will recognize. For
example, while processes or blocks are presented 1n a given
order, alternative embodiments may perform routines hav-
ing steps, or employ systems having blocks, in a different
order, and some processes or blocks may be deleted, moved,
added, subdivided, combined, and/or modified to provide
alternative or subcombinations. Each of these processes or
blocks may be implemented in a variety of different ways.
Also, while processes or blocks are at times shown as being,
performed 1n series, these processes or blocks may instead
be performed 1n parallel or may be performed at different
times. Further any specific numbers noted herein are only
examples: alternative implementations may employ difler-
ing values or ranges.

The teachings of the disclosure provided herein can be
applied to other systems, not necessarily the system
described above. The elements and acts of the various
embodiments described above can be combined to provide
turther embodiments.

All patents, applications and references noted above,
including any that may be listed in accompanying {filing
papers, are mcorporated herein by reference. Aspects of the
disclosure can be modified, if necessary, to employ the
systems, functions, and concepts of the various references
described above to provide yet further embodiments of the
disclosure.

These and other changes can be made to the disclosure in
light of the above Detailed Description. While the above
description describes certain embodiments of the disclosure,
and describes the best mode contemplated, no matter how
detailed the above appears 1n text, the teachings can be
practiced 1n many ways. Details of the system may vary
considerably 1n its implementation details, while still being
encompassed by the subject matter disclosed herein. As
noted above, particular terminology used when describing,
certain features or aspects of the disclosure should not be
taken to 1mply that the terminology 1s being redefined herein
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to be restricted to any specific characteristics, features, or
aspects of the disclosure with which that terminology 1is
associated. In general, the terms used 1n the following claims
should not be construed to limait the disclosure to the specific
embodiments disclosed 1n the specification, unless the above
Detailed Description section explicitly defines such terms.
Accordingly, the actual scope of the disclosure encompasses
not only the disclosed embodiments, but also all equivalent
ways ol practicing or implementing the disclosure under the
claims.

While certain aspects of the disclosure are presented
below 1n certain claim forms, the mventors contemplate the
various aspects of the disclosure in any number of claim
forms. For example, while only one aspect of the disclosure
1s recited as a means-plus-function claim under 35 U.S.C. §
112, 96, other aspects may likewise be embodied as a
means-plus-function claim, or 1 other forms, such as being
embodied 1 a computer-readable medium. (Any claims
intended to be treated under 35 U.S.C. § 112, 96 will begin
with the words “means for.””) Accordingly, the applicant
reserves the right to add additional claims after filing the
application to pursue such additional claim forms for other
aspects of the disclosure.

The mmvention claimed 1s:

1. A method comprising:

accessing, by a control plane, a deployed version of

configurable settings associated with a first microser-
vice as stored with the control plane;

comparing current settings received from the first micro-

service to the deployed version of the configurable
settings of the first microservice; and

responsive to the received current settings not matching

the deployed version, moving a process from the first
microservice to a second microservice.

2. The method of claim 1, wherein the second microser-
vice includes a data plane proxy configured to communicate
with the control plane.

3. The method of claim 2, further comprising:

recerving the current settings from the data plane proxy of

the second microservice; and

responsive to the received current settings of the second

microservice not matching the deployed version asso-
ciated with the first microservice, instructing the data
plane proxy to update the current settings of the second
microservice to match the deployed version associated
with the first microservice.

4. The method of claim 3, further comprising:

hashing the current settings of the second microservice

and the deployed version associated with the first
microservice prior to determiming that the receirved
current settings of the second microservice do not
match the deployed version.

5. The method of claim 2, wherein the data plane proxy
of the second microservice runs simultaneously with the
second microservice.

6. The method of claim 1, further comprising:

receiving an output of the first microservice, wherein the

first microservice 1s one of a plurality of microservices,
cach microservice 1n the plurality configured to per-
form the process and produce output data based on the
process;

determining that the output of the first microservice 1s

outside of an expected range of values, wherein each
output data from the plurality of microservices 1s within
the expected range; and

responsive to the determination, requesting current set-

tings of the first microservice.
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7. The method of claim 1, further comprising:

comparing current settings of the second microservice to

the deployed version associated with the first micros-
ervice; and

responsive to the current settings of the second micros-

ervice matching the deployed version associated with
the first microservice, selecting the second microser-
vice to move the process to.
8. The method of claim 1, further comprising;:
hashing the deployed version of the configurable settings
using a hashing algorithm, wherein the recerved current
settings were hashed using the hashing algorithm; and

comparing the hashed deployed version to the receirved
current settings.

9. The method of claim 1, wherein the current settings are
received from the first microservice responsive to determin-
ing, by the control plane, the first microservice 1s outputting
values outside of an expected range at a threshold frequency.

10. A method comprising;:

receiving, from a data plane proxy associated with a first

microservice, current settings of the first microservice;
accessing a deployed version of configurable settings for
the first microservice from a database; and
responsive to the recerved current settings not matching
the deployed version, sending instructions to the data
plane proxy to move a process at the at the first
microservice to a second microservice.

11. The method of claim 10, wherein the data plane proxy
runs simultaneously with the second microservice and com-
municates outputs from the second microservice to a control
plane.

12. The method of claim 10, further comprising;

hashing current settings of the second microservice were

hashed prior to being sent to a control plane by the data
plane proxy; and

comparing the hashed current settings of the second

microservice to the deployed version of the configur-
able settings associated with the first microservice,
wherein the deployed version comprises a hashed esti-
mate of the current settings of the first microservice
stored by the control plane.

13. The method of claim 12, wherein the control plane 1s
configured to communicate mnformation about the second
microservice to a computing device running a microservice
architecture application.

14. The method of claim 12, further comprising;

receiving an output of the first microservice, wherein the

first microservice 1s one of a plurality of microservices,
cach microservice 1n the plurality configured to per-
form the process and produce output data based on the
process;
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determiming that the output of the first microservice 1s
outside of an expected range of values, wherein each
output data from the plurality of microservices 1s within
the expected range; and

responsive to the determination, requesting current set-

tings of the first microservice from the data plane
Proxy.
15. The method of claim 10, further comprising:
hashing the deployed version of the current settings using
a hashing algorithm, wherein the received current set-
tings were hashed using the hashing algorithm.

16. The method of claim 10, wherein recerving the current
settings of the first microservice 1s responsive to determin-
ing, by a control plane, the first microservice 1s outputting
values outside of an expected range at a threshold frequency.

17. A system comprising:

a computer processor; and

a non-transitory computer-readable storage medium stor-

ing 1structions that when executed cause the computer

processor to perform actions comprising:

accessing a deployed version of configurable settings
for a first microservice from a database;

comparing current settings as received from a proxy of
the first microservice to the deployed version of the
configurable settings; and

responsive to the received current settings not matching
the deployed version, moving a process at the at the
first microservice to a second microservice.

18. The system of claim 17, the actions further compris-
ng:

recerving an output of the first microservice, wherein the

first microservice 1s one of a plurality of microservices,
cach microservice 1n the plurality configured to per-
form the process and produce output data based on the
pProcess;

determiming that the output of the first microservice 1s

outside of an expected range of values, wherein each
output data from the plurality of microservices 1s within
the expected range; and

responsive to the determination, requesting current set-

tings of the first microservice.

19. The system of claim 17, the actions further compris-
ng:

recerving, from a computing device communicatively

connected to a control plane configured to communi-
cate information about the second microservice to the
computing device, a request for the current settings of
the second microservice.

20. The system of claim 19, wherein the computing device
1s connected to the control plane via a network.
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